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1
SEARCHING RECORDED VIDEO

BACKGROUND

Searching recorded video can be an extremely time con-
suming and labor intensive process. Video surveillance sys-
tems normally include a recorder for recording the video
captured by the surveillance cameras. Initially, videocassette
recorders were used for recording this data; however, the
tapes could only be searched by having personnel review the
tapes to find the portion of interest. The development of
digital video recorders improved the searching process with
the use of algorithms to search for specific items, such as
when an item has disappeared from the area being viewed by
the video camera. However, the ability to quickly and easily
find a specific video clip has not significantly improved; the
process still requires personnel to review the video as with
VCR tapes.

Video analytics is quickly gaining attention within the
video security industry, and systems and components that use
rather advanced techniques for extracting high-level informa-
tion from a digital video stream are starting to be deployed.
Video analytics is usually implemented in one of two places:
1)atthe “edge”, i.e., atthe camera end, or 2) at the “head end”,
the device in the system having significant processing power.
Most early attempts at video analytics were implemented at
the head end because the amount of computational horse-
power needed for meaningful analysis was only available in a
personal computer type platform. Thus analog video was
piped into a PC through a video capture card that would
digitize video and present the frames to the analysis software.
The computer would perform a variety of computations on
these digital frames and detect various behaviors and then
report these either through a proprietary graphical user inter-
face directly to an operator or generate information via some
signaling system (usually an IP network) to another system
which could either log that information or generate alarms or
events within some surveillance system.

BRIEF SUMMARY

Examples of a systems and methods for creating metadata
associated with video data are provided. The metadata can
include data about objects viewed within a video scene and/or
events that occur within the video scene. Some embodiments
of the disclosure allow users to search for specific objects
and/or events by searching the recorded metadata. In some
embodiments, metadata is created by receiving a video frame
and developing a background model for the video frame.
Foreground object(s) can then be identified in the video frame
using the background model. Once these objects are identi-
fied, they can be classified and/or an event associated with the
foreground object may be detected. The event and the classi-
fication of the foreground object can then be recorded as
metadata.

A method for creating metadata associated with a video
frame is provided. A video frame is received and a back-
ground model developed from the video frame. A foreground
object can then be separated from the video frame using the
background model. The foreground object can be classified
into a classification. For example, the classification can char-
acterize the foreground object based on the object color,
aspect ratio, and position. The classification of the foreground
object can then be recorded in metadata.

A method for creating metadata about a video frame is
provided. The method can include receiving a video frame;
developing a background model for the video frame; separat-
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2

ing a foreground object from the video frame using the back-
ground model; identifying the foreground object as a previ-
ously identified foreground object; classifying the foreground
object into a classification based on characteristics of the
foreground object; and recording the classification of the
object in metadata. The characteristics of the foreground
object that are used for classification can include the object
location within the video frame, the object color, and the
object aspect ratio.

Another method is provided. A search query can be
received from a user through a user interface. The search
query can include information for searching for either or both
a classification of an object and an event associated with an
object. Metadata files associated with the search query can
then be retrieved. The metadata files can include information
regarding either or both object classifications and object
events within a video frame. The retrieved metadata files can
be searched for metadata that matches the search query. And
alisting of video segments that match the search query can be
provided through the user interface.

A video camera system is provided that includes a video
camera, an output port, and a processor. The video camera can
be configured to capture video data of a scene and outputting
the video data as digital data. The processor can be commu-
nicatively coupled with the camera. The processor can be
configured to: receive video data from the video camera,
develop a background model for the video data, separate a
foreground object from the video data using the background
model, identify the foreground object’s location within the a
video scene of the video data, determine the foreground
object’s color, and record the foreground objects location and
color in metadata. The output port can be communicatively
coupled to the processor and configured to output the meta-
data.

A video processing system is provided that includes a
video input port, a processor and a video output port. The
video input port can be configured to receive video data. The
processor can be communicatively coupled to the video input
port and the video output port. The processor can be config-
ured to: develop a background model for the video data,
separate a foreground object from the video data using the
background model, determine the relative location of the
foreground object, and determine the relative color of the
foreground object. The video output port can be configured to
output the relative location and the color of the foreground
object as metadata.

In some embodiments, the background model can include
either or both a short-term background model and a long-term
background model. In some embodiments, shadows and
reflections can be removed from the video data. In some
embodiments, an event associated with the foreground object
can be detected and stored in metadata. In some embodi-
ments, the foreground object can be classified by one or more
of the following characteristics: of location within the video
frame, object size, object color, object type, and/or object
aspect ratio.

In some embodiments, an event can include an object
entering a frame, the object leaving the frame, camera sabo-
tage, the object holding still, the object merging with another
object, the object splitting into two objects, the object enter-
ing a zone, the object leaving a zone, the object crossing a
tripwire, the object being removed, the object being aban-
doned, object counting, object loitering, and/or object timer.

In some embodiments, the foreground object can classified
by object type and/or object velocity. In some embodiments,
the background model can be constructed using a probability
Gaussian model. In some embodiments, the foreground
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object can separated from the video frame by subtracting the
background model from the video frame to return a fore-
ground object. In some embodiments, the classification data
associated with the object are recorded as metadata separate
from the video data.

A method for searching video data is also provided. A
search query can be received from a user through a user
interface. The search query can include a plurality of query
dimensions. A distance measure between the query dimen-
sions and the dimensions of objects identified in metadata
stored within a video database can be calculated. A listing of
video segments can be provided through the user interface.
The video segments can include an object with a distance
measure less than a threshold value.

A non-transitory computer readable medium comprising
code executable by a processor for performing a metadata
search is also provided. The code can cause the processor to
receive a search query from a user through a user interface
that includes a set of query dimensions, calculate the distance
between the set of query dimensions and a set of object
dimensions associated with objects identified in video
frames, and provide a listing of video segments through the
user interface. The video segments can include an object with
a distance measure less than a threshold value.

A video processing system is also provided that includes a
user interface, a video storage device, and a processor. The
user interface can be configured to receive user input. The
video data storage device can store video metadata. The pro-
cessor can be communicatively coupled with the user inter-
face and the video data storage device. The processor can be
configured to receive a search query through the user inter-
face that includes a plurality of query values, and calculate a
distance measure between the query values and correspond-
ing values associated with video metadata stored in the video
storage device.

In some embodiments, a search query caninclude an object
classification and/or an object events. In some embodiments,
a search query can include information identifying an object
location in the field of view of a particular camera, a range
within a classification, and/or a range of events.

In some embodiments, the query dimensions and object
dimensions are associated with a classification of the object,
an event associated with the object, x axis location, y-axis
location, color, x-axis speed, y-axis speed, and/or aspect
ratio. In some embodiments, a distance can be calculated
using d=V (x,-q, *+(x,-q,,)*+ . .. +(X,-q,,)*, Whereinx,, is the
n” object dimension and q,, is the n” query dimension.

Items and/or techniques described herein may provide one
or more of the following capabilities, as well as other capa-
bilities not mentioned. For example, using embodiments
described herein, video data can be produced in real time with
metadata that includes information about objects and events
captured in the video data. Moreover, video data can be ana-
lyzed and metadata created based on previously recorded
video data. Furthermore, according to some embodiments,
users can search the metadata based on characteristics of
objects and/or events documented in metadata to find the
desired video data. Various other capabilities may also be
provided. While item/technique-effect pairs have been
described, it may be possible for a noted effect to be achieved
by means other than those noted, and a noted item/technique
may not necessarily yield the noted effect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a video surveillance system in
which various aspects of searching recorded video can be
implemented according to some embodiments of the disclo-
sure.
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FIG. 2 is a block diagram of one embodiment of the work-
station shown in FIG. 1.

FIG. 3 is a block diagram of one embodiment of the video
source shown in FIG. 1.

FIG. 4 is a process for analyzing a scene according to some
embodiments according to some embodiments.

FIG. 5 is a screen shot illustrating one embodiment for
inputting search criteria.

FIG. 6 is a screen shot illustrating one embodiment for
inputting search criteria according to some embodiments.

FIG. 7 is a screen shot illustrating one embodiment for
inputting search criteria according to some embodiments.

FIG. 8 is a process for capturing and preparing a frame for
database searching.

FIG. 9 is a process for receiving a search frame and pre-
paring it for searching according to some embodiments

FIG. 10 is a process for performing a search requested by a
user according to some embodiments.

FIG. 11 is a process for generating reports based on
requested searches according to some embodiments.

FIG. 12 is a flowchart for detecting shadow and reflection
in a video frame according to some embodiments.

FIG. 13 is a flowchart for detecting shadow and reflection
in a video frame according to some embodiments.

The processes and systems described herein, and the atten-
dant advantages, applications, and features thereof, will be
more fully understood by a review of the following detailed
description, figures, and claims.

DETAILED DESCRIPTION

Techniques are discussed herein for creating metadata
describing objects and/or events about a video scene. Meta-
data can be created by analyzing a video scene in real time to
produce a file with information describing characteristics of
an object within the video scene and/or events that occur
within the video scene. In some embodiments, the metadata
can be created in real time. In some embodiments, a camera
can collect video data of a roadway scene. Background infor-
mation about the scene can be created over a period of video
frames. From the background information, foreground
objects can be identified and classified based on the charac-
teristics of the foreground object. One or more events asso-
ciated with the object can also be determined from the video
data. The classification of the object and/or events of the
object can then be recorded in association with the video data.

For example, a video camera can be used to capture video
data of a roadway scene. And a background model can be
developed from the video data. This background model can
include static objects and characteristics of the scene. A back-
ground model of a street scene, for example, might include
the street, trees, signs, buildings, etc. Using the background
model foreground objects can be identified and classified. For
example, cars that pass through the scene can be identified
and classified as cars. Their color and/or size may also be
classified. Various events associated with the identified cars
can be determined. For example, such events can include a car
traveling in the right or wrong direction, or a car that dwells in
a particular location for long periods of time. Various other
events can be identified. This object data and event data can
then be recorded as metadata associated with the video data.
This metadata can then be used to search and retrieve video
data of interest.

Referring to FIG. 1, video surveillance system 10 is shown
in block diagram form. Video surveillance system 10 can
include a plurality of video sources from 1 through n, which
are labeled 12, 14, and 16, connected to network 18. Video
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sources 12, 14, and 16 can include, for example, still or full
motion video cameras. Moreover, video sources 12, 14, and
16 can produce raw digital or analog video data. If video
sources 12, 14, and 16 produce analog video data, a digitizer
can be used to digitize the video data. Video sources 12, 14,
and 16 can capture and provide color or monochromatic video
data.

Network 18 can be a closed network, local area network or
wide area network, such as the Internet. A plurality of digital
video recorders (DVR) 20 and 21 are also connected to net-
work 18 for recording the video from video sources 12, 14,
and 16. In some embodiments, one or more digital video
recorders 20 or 21 can be a network video recorder, or can be
connected directly to a display or workstation. The digital
video recorders can include any type of video storage device
including a hard drive and/or a flash drive. As used herein,
recorded video includes full-motion video and still photo-
graphs taken at intervals. Storage 22 can be connected to
network 18 to provide additional storage for recorded video
which, for example, can be transferred from digital video
recorder 20 for short-term or long-term storage. Storage 22
can be connected to network 18 as shown or directly to digital
video recorder 20, such as an expansion box. Workstation 24
can be connected to network 18 to provide a user with a
display and input capability. Workstation 24 can be a general
purpose computer with software for implementing software
searching methods for searching recorded video data and for
providing a graphical user interface for searching recorded
video data, or it can be simply a display and user input device
for accessing video surveillance system 10 and utilizing the
video data search methods. The graphical user interface soft-
ware for searching the recorded video data and the video
searching software can reside anywhere in the system such as,
for example, workstation 24, digital video recorder 20 or
storage 22. Various other combinations of video sources,
video recorders, networks, and/or workstations can be uti-
lized.

FIG. 2 illustrates one embodiment of workstation 24 for
implementing video data search methods. Processor 26 is
connected to ROM 28, RAM 30, and storage 32, which can be
a hard disk drive, compact disc drive, optical drive, and the
like. Processor 26 can be an intelligent device, e.g., a personal
computer central processing unit (CPU) such as those made
by Intel® Corporation or AMD®, a microcontroller, an appli-
cation specific integrated circuit (ASIC), etc. Processor 26
implements a software program for displaying a graphical
user interface that is stored in ROM 28 or storage 32. Proces-
sor 26 provides output signals to display 36 to display the
graphical user interface for implementing video data search
methods. User input device 34 can be a mouse, jog/shuttle
controller, keyboard, or other suitable input device connected
to processor 26 to provide user input to search the stored
video data. The recorded video data searched by workstation
24 can be stored in one or more of digital video recorder 20,
digital video recorder 21, or storage 22 of video surveillance
system 10.

A device manager can be used to store (e.g., in ROM 28,
RAM 30, or storage 32) processor-readable, processor-ex-
ecutable software code containing instructions for controlling
processor 26 to perform functions described below (although
the description may read that the software performs the func-
tion(s)). The functions implement various video object clas-
sifying and/or event identifying systems, for example. The
software can be loaded onto the memory by being down-
loaded via a network connection, uploaded from a disk, etc.
Further, the software may not be directly executable, e.g.,
requiring compiling before execution.
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6

An example ofa video source is illustrated in FIG. 3 for any
of video sources 12, 14, or 16 in FIG. 1 according to some
embodiments. Camera 38 provides raw video data to proces-
sor 40. Processor 40 can include any type processing unit and
memory. Processor 40 can compress the raw video data into a
digital video format, for example MPEG. Processor 40 can
also perform various tasks including data modification, data
packetization, creation of metadata, etc. The compressed
video data can be streamed, for example, to communication
device 42 (e.g., network device, modem, wireless interface,
etc.) for transmitting to network 18. While camera 38, pro-
cessor 40 (server and/or encoder), and communication device
42 have been shown as separate devices, their functions can
be provided in a single device or in two devices rather than
three separate devices as illustrated.

A scene analyzer algorithm can be implemented in camera
38, processor 40, and/or workstation 24 to detect an aspect or
occurrence in the scene in the field of view of camera 38; such
as, for example, to detect and track an object in the monitored
scene. If the scene analysis is performed in camera 38 or
processor 40, the information about events and objects can be
sent as metadata with the video data to network 18. This video
data can include, for example, the detection of a person cross-
ing a trip wire or the detection of a red vehicle. Alternatively,
the video could be streamed over network 18 and then ana-
lyzed by, for example, DVR 20 before the streamed video is
stored.

Referring to FIG. 4 process 100 of analyzing a scene
includes the blocks shown. Process 400 is, however, an
example only and not limiting. Process 100 can be altered,
e.g., byhaving stages added, removed, rearranged, combined,
and/or performed concurrently. For example, at blocks 120,
125, and 130 a background model can be constructed. Still
other alterations to process 100 as shown and described are
possible. In some embodiments, process 100 can be imple-
mented within a processor contained within or coupled with a
video source or a video camera. In some embodiments, pro-
cess 100 can operate on video data in real time. That is, as
video frames are captured, process 100 can identify objects
and/or detect object events as fast as or faster than video
frames are captured by the video source. For example, if the
video source captures 30 video frames every second, process
100 can be implemented on each frame or on a series of
frames at the same or greater rate.

Process 100 can begin at block 105 by capturing a video
frame. The video frame can be captured in real time from a
video source or retrieved from data. Process 100 utilizes a
Gaussian model for excluding static background images and
images with repetitive motion without semantic significance
(e.g., trees moving in the wind) can be used to subtract the
background of the scene from the objects of interest. Other
models may also be used. In order to detect objects in the
scene, a Gaussian mixture model is applied to the video frame
(or frames) to create the background as shown blocks 110,
120, 125, and 130. With this approach, a background model is
generated even if the background is crowded and there is
motion in the scene. Gaussian mixture modeling is very time
consuming for real-time video processing, and it is hard to
optimize due to its computation properties. In order to accel-
erate the background subtraction processing, the most prob-
able model is selected for the description of the correspond-
ing pixel. A degraded single Gaussian model can be
constructed at block 130 and applied at block 135. Various
other background training algorithms or processes can be
used to create a background scene. At block 115 reflections
can be detected and removed from the video frame.
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In some embodiments, a second background model can be
used in conjunction with the background model described
above or as a stand alone background model. This can be
done, for example, in order to improve the accuracy of object
detection and remove false objects detected due to an object
that has moved away from a place after it stays there for a
period of time. Thus, for example, a second “long-term”
background model can be applied after a first “short-term”
background model. The build process of the long-term back-
ground is the same as the short-term background model
except that it updates at a much slower rate. That is, it uses
more video frames over a longer period of time to create the
background model. If an object is detected using the short-
term background, yet an object is considered part of the
background from the long-term background, then the
detected object is a false object (e.g., an object stayed in the
place for a while and left). In this case, the object area of the
short-term background model should be updated with that of
the long-term background model. Otherwise, if an object
appears in the long-term background but it is background in
the short-term background, then the object has merged into
the short-term background. If the object is detected in both of
background models, then the odds of the object being a fore-
ground object is high. Using the long-term background model
is optional.

For a captured video frame, a background subtraction
method is applied at block 135 to extract the foreground
pixels. The background model is updated according to the
segmentation result at block 140. Since the background will
not change quickly, it is not necessary to update the back-
ground model for the whole image in each frame. However, if
the background model is updated every N (N>0) frames, the
processing speeds for the frame with background updating
and the frame without background updating are significantly
different and this may at times cause motion detection errors.
In order to overcome this problem, only a part of the back-
ground model is updated in every frame so that the processing
speed for every frame is the same and speed optimization is
achieved. After morphological filtering, the foreground pixels
are grouped into image blobs, groups of similar pixels, at
block 145. These image blobs represent the objects detected
in the current frame.

To remove the small noisy image blobs due to segmenta-
tion errors and find a qualified object according to its size in
the scene, a scene calibration method, for example, can be
utilized to detect the blob size. For scene calibration, a per-
spective ground plane model is assumed. A qualified object
should be higher than a threshold height (e.g., minimal
height) and narrower than a threshold width (e.g., maximal
width) in the ground plane model. The ground plane model is
calculated via designation of two horizontal parallel line seg-
ments at different vertical levels, and the two line segments
should have the same length as the real world length of the
vanishing point (a point in a perspective drawing to which
parallel lines appear to converge) of the ground plane can be
located and the actual object size can be calculated according
to its position to the vanishing point. The maximal/minimal
width/height of a blob is defined at the bottom of the scene. If
the normalized width/height of a detected image blob is
smaller than the minimal width/height or the normalized
width/height is wider than the maximal width/height, the
image blob will be discarded. At block 150, reflections and
shadows can be detected and removed from the video frame.

Reflection detection and removal can be conducted before
or after shadow removal. In order to remove any possible
reflections, the first step is to check if the percentage of the
foreground pixels is very high compared to the number of
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pixels of the whole scene. If the percentage of the foreground
pixels is higher than a threshold value, then following can
occur. Referring to FIG. 12 process 1200 for removing reflec-
tion includes the blocks shown. At block 1210, a difference
image is generated by subtracting the intensity of current
frame from a background image. Atblock 1220 reflection and
shadow detection and removal can occur. This can be done in
anumber of ways. For example, a histogram of the difference
image can be calculated and the maximum (or points above a
threshold) of the histogram can be found. If the maximum is
significantly shifted away from zero, a reflection is detected.
In order to remove such reflection effects, the intensity of
each pixel in the current frame can be shifted by the same
amount that the histogram maximum is shifted from zero.
Doing so assumes that every pixel has shifted the same value
from the original intensity. Shadows can then be detected and
removed using a number of processes.

Since the shadow has the same texture pattern as the back-
ground, image correlation techniques can be used to detect
shadows at block 1230. If the correlation between the back-
ground and the current frame is over a predefined threshold
(e.g., 0.95) then the current image block is darker than the
background and the current image block can be considered to
possibly include shadow effects. Another can use edge detec-
tion to detect shadows at block 1240. The gradient of each
pixel within the current video frame along the x-axis and the
y-axis can be determined. If absolute value of the gradient is
greater than a threshold, then the corresponding pixel is an
edge pixel. For a foreground image, if the background has
certain edges, the corresponding image block of the current
frame can be detected to see if the edge pattern is similar. If
most of the edge pixels are the same for the two images, then
the corresponding image block may include shadows. At
block 1250 vertical projection detection can be used to detect
shadows. Shadows typically occur at the bottom of an object
and its vertical projection in the object is much narrower than
the corresponding object and thus the shadow can be removed
by resize the objects according to the vertical projection cal-
culation of the objects. From both sides of the object, if the
vertical projection is less than a certain percentage of the
maximal value of the vertical projection, the current vertical
line can be a shadow candidate. At block 1260 two or more
shadow detection techniques can be combined to remove
shadows from the video frame.

Process 1300 in FIG. 13 is another technique for shadow
removal. For each image block that contains foreground pix-
els detected from background subtraction algorithm, the
intensity differences of the current frame and the background
image block are measured at block 1310. Ifthe intensity of the
current foreground pixel is darker than the background, then
process 1300 proceeds to block 1320, otherwise, process
1300 proceeds to block 1395 and the image is identified as an
object block. At block 1320, the correlation between the
image blocks of the current frame and the background is
calculated. If the correlation is less than a threshold, the block
is not similar to the background and process 1300 proceeds to
block 1395 where the image block is labeled an object block.
Otherwise, process 1300 proceeds to block 1340. At block
1340, edges are detected for the image block in the current
frame and the background. At block 1350, edge pixels are
measured to see if the there are enough edge pixels for edge
pattern matching. If there are enough edges in both the current
frame and the background image, process 1300 proceeds to
block 1360. If not, process 1300 proceeds to process 1370. At
block 1360, if the edge patterns are not similar in the current
frame and the background, the block is determined to be an
object block at process 1300 proceeds to block 1395. Other-
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wise, process 1300 proceeds to block 1380. At block 1370, if
there is no insufficient edges only in one block, the block is
determined to be an object block and process 1300 proceeds
to block 1380. Otherwise, process 1300 proceeds to block
1380, where the vertical projection is calculated for the fore-
ground pixels for the whole object. If the vertical projection is
less than the adaptive threshold which is determined with the
maximal vertical projection, the block is considered a shadow
block at step 1390, otherwise, it is determined to be an object
block at block 1395.

If there is no object that can be mapped to the detected
image blob, a new object will be created for the image blob.
Otherwise, the image blob will be mapped to an existing
object at block 155. The new created object will not be further
processed until it appears in the scene for a period of time and
moves around over at least a minimal distance. In this way,
many false objects are filtered out.

With the above procedure, the objects in the scene can be
tracked. The next block is to classify the objects within the
scene at block 160. A single person can be classified from a
vehicle or group of people according to the aspect ratio,
physical size, and vertical profile of the shape of the object.
The vertical profile is defined as a 1 -dimensional projection of
vertical coordinate of the top pixel of the foreground pixels in
the object region. This vertical profile can first be filtered with
a low-pass filter. From the calibrated object size, the classifi-
cation result can be refined since the size of a single person is
always smaller than that of a vehicle. A group of people and
a vehicle can be classified via their shape difference. For
instance, the size of a human width in pixels can be deter-
mined at the location of the object. A fraction of the width can
be used to detect the peaks and valleys along the vertical
profile. If the object width is larger than a person’s width and
more than one peak is detected in the object, it is very possible
that the object is a group of people instead of a vehicle. A
color description based on discrete cosine transform (DCT)
or other transforms such as discrete sine transform, Walsh
transform, Hadamard transform, fast Fourier transform,
wavelet transform, etc on object thumbs (e.g. thumbnail
images) can be applied to extract color features (quantized
transform coefficients) for the detected objects.

A sample list of events that may be detected at block 170
includes the following events: an object enters the scene, an
object leaves the scene, the camera is sabotaged, an object is
still in the scene, objects merge, objects split, an object enters
a predefined zone, an object leaves a predefined zone, an
object crosses a tripwire, an object is removed, an object is
abandoned, an object moving in a direction matching a pre-
defined forbidden direction for a zone or tripwire, object
counting, object removal (e.g., when an object is still longer
than a predefined period of time and its size is larger than a
large portion of a predefined zone), object abandonment (e.g.,
when an object is still longer than a predefined period of time
and its size is smaller than a large portion of a predefined
zone), dwell timer (e.g., the object is still or moves very little
in a predefined zone for longer than a specified dwell time),
and object loitering (e.g., when an object is in a predefined
zone for a period of time that is longer than a specified dwell
time).

At block 180 the metadata can be created from the move-
ment of the tracked objects or from an event derived from the
tracking. This description combines the object information
with the events in a unified expression. The objects may be
described, for example by their location, color, size, aspect
ratio. The objects may also be related with events with their
corresponding object identifier and time stamp. All of the
events should be generated via a rule processor with rules
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defined to let the scene analysis software decide what kind of
object information and events should be provided in the meta-
data associated with the video frame. The rules can be estab-
lished in any number of given ways, such as by a system
administrator who configures the system or by an authorized
user who can reconfigure one or more of the cameras in the
system.

Avideo source (e.g., video source 12 in FIG. 1) can provide
a search frame comprising video data and metadata through a
number of different methodologies that will then be used later
for searching the video. For example, the video source can
provide the metadata associated with a frame and the frame
itself for each frame in the video stream, thereby making each
video frame a search frame. Alternatively the video source
can create search frames by providing a JPEG image at pre-
determined intervals and the metadata associated with that
JPEG image, which could then be compressed and sent over
a network (e.g., network 18 in FIG. 1). In another alternative
embodiment, the video source can create a search frame by
providing metadata associated with each I-frame in an MPEG
compliant stream. Any of the foregoing examples of method-
ologies can be used to provide a plurality of search frames.
Each record would represent an object snapshot taken at, for
example, half second intervals, to create a large number of
small records. For example, the plurality of search frames
could comprise a JPEG image at predetermined intervals and
the metadata associated with each JPEG image. By way of
example, if the video stream from the video source were being
received by a DVR (e.g., DVR 20 in FIG. 1), then the search
frames from the video source would also be received by the
DVR. Depending upon the methodology used to create the
search frames, the DVR can receive the search frames and
store them in an appropriate file, such as for periodic separate
JPEG images or, for example, stores a copy of the I-frames
from an MPEG compliant stream in an appropriate file. The
metadata associated with each search frame can either be
separated from the video data or the metadata is copied so that
ametadata search file is created. The metadata for each search
frame is associated with the search frame or the video data of
the search frame in a suitable manner such as a time stamp so
that when the metadata search file is searched, for example by
workstation 24, the results can be displayed to a user on a
display. A user may search each DVR and storage device in
the network separately so that the searching scales easily as a
surveillance system grows. Accordingly, there could be many
smaller databases running in parallel. This works well in this
type of system because the searches can run independently
from each other and splitting databases lets the system scale
easily.

Alternatively, some or all of the metadata search files for
the system can be stored in one storage location (e.g., storage
22 or workstation 24). The metadata search file is a binary flat
file which can be retrieved and searched quickly. The time
stamp associated with the results of the search are used to
locate the corresponding video data for display to the user.

A user can provide input to a workstation concerning a
desired search. The search criteria does not have to be an exact
search. Rather, the user can provide input, for example, as
shown in FIG. 5, by moving a pointer 210 displayed on
display 212 to alocation 214 in the field of view of a particular
camera. Alternatively, as shown in FIG. 6, a user has moved a
pointer 220 displayed on display 222 to a particular object
224 in a field of view of a particular camera to indicate a
desired color such as the color of object 224 or an object for
further search such as object 224. The field of view used by a
user can either be a real time field of view or from recorded
video. Alternatively, a user can input a search for a desired
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color by using sliders 230, 232 and 234, respectively on color
boxes 236, 238 and 240 which provide varying degrees of
color such as for red, green and blue to produce a desired
search color in window 242 displayed on display 244 in FIG.
7. The search features in the query by the user can be used to
find objects that are similar to the selected object. Alterna-
tively or additionally, the search can be bounded within a
user-defined zone and time period. Given a particular rule or
set of rules, the search process will retrieve the database to get
all the records that are in the search range of the features. The
results will be sorted according to the similarity of the object
features. The features to be queried can be the range of color,
location, speed, object size, aspect ratio, object type, events
and so forth. The user can set one or more detection zones in
the scene and use rule logic to define the output results.

The search criteria required by a user’s query may be as
simple as locating an object at a particular location or may
encompass many different attributes, such as location, size,
color, particular movement and so forth. The following is an
example of where a user is interested in finding an object
located at a particular location. For coding location for an
object (X, y coordinates), the coordinates can range from
0-255 in x and y, that is 8-bit values. If the search is for an
object located at 100, 200 (towards the upper middle of the
scene), the search could specify the return of all objects that
are located at the exact location of (100, 200). However, this
search would probably get very few results, if any, because
very few objects would be at exactly the location (100, 200).
If an object was at (99,200), the search engine would not get
amatch. In fact, if the operator were generating a visual query
where he clicks on the screen approximately where the object
might be as discussed above, that click would be fairly impre-
cise. Getting an exact match is unlikely. An alternate query
could say find all objects such that x is within w/2 and y is
within h/2. This would find all objects that fall within a square
around the location (g=100, 200). This alternate query is
better than trying to get an exact match, but again a visual
query is fairly imprecise and the object might be just outside
this box and again no match would be generated although it
would have been “close enough” to satisfy the search. Open-
ing up the search window would include more matches, but
what the user wants is to find everything that is closest to
(100,200).

Anembodiment for determining the objects that are closest
to the search criteria established by a user is as follows:

x,~location in x of the query

y,~location in y of the query

x,,=location in X of the nth object in the database

y,=location in y of the nth object in the database
The distance, d, of the query location to any object in the
database is calculated as follows:

d:\/(xn—xq)2+(yn—y q)2

If the search process blocks through every record in the
database and calculates the distance of every object from the
query location and then sorts the results, the object in the
database that is closest to the query will be at the top of the list.
Using this method does not require the user to specify a range
to search around; it just always returns the closest object or it
can return a list of the n closest objects to the query location
by providing the top n results in the sorted list. Accordingly,
this embodiment enables a user to click on a frame with his
mouse and thereby request to find any objects that are close to
this point.

This same technique can be extended to a more complex
search, such as a query for a red car moving across the scene
at a high rate of speed after entering a particular driveway. In
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other words, the user wants all the close matches that correlate
color, location, velocity and aspect ratio (for example, cars
are wide objects compared to people). Color has three dimen-
sions (¥, u, v), location has two dimensions (x,y), velocity has
two dimensions (u, v), and aspect ratio has one dimension.
Therefore, the search method needs to match across eight
dimensions in the query. The distance in eight-dimensional
space is calculated using the equation below which shows for
example an equation for calculating 30 separate parameters.)

d:\/(xl—qq)2+(x2—q2)2+...+(xn+q_n)2

In general, a user-generated query will probably not be
very precise, which is exactly why this search embodiment is
extremely useful because it provides a fuzzy match in a pri-
oritized list. The user may specify the color by name, for
example, light blue, or chose it from a color picker as
described above. The other search criteria may allow a user to
select a general example for color.

It could be that not all parameters are known for the query
or not fully known. For example, the user may only know he
is looking for a light colored car (pay more attention to lumi-
nance Y and none to u and v, the chromaticity). The location
of'the object may only be known to be in the upper half of the
scene (pay attention to the y component of location and less to
the x component). Accordingly, an embodiment of a search
method to weight the importance of the various query com-
ponents may be desired by a user; this embodiment is calcu-
lated as follows:

d:\/EiZIi:n wy(xi-q;)°

where n is the number of dimensions for each object, w, is the
weighting factor for each component, g, is the component
value for the dimension of the query and x;, is the component
value for the i” dimension of an object in the database.

A query is run through all objects in a database and finds
the minimum value of d for the closest match. It could also
find some number of the lowest values of d and present those
results to the user for a visual confirmation. Since standard
relational databases do not perform this type of mathematical
query, the method needs to check the distance of every record
against the target query. This type of calculation is fairly easy
for modern CPUs to compute with the capability of searching
millions of records per second. This would allow this embodi-
ment of the search method to perform ad hoc queries in just a
few seconds on every channel of a 48-channel digital video
recorder.

Referring to FIG. 8 process 300 for capturing and prepar-
ing a frame for database searching includes the blocks shown.
Process 300 is, however, an example only and not limiting.
Process 300 can be altered, e.g., by having stages added,
removed, rearranged, combined, and/or performed concur-
rently. Moreover, process 300 can occur in real-time as video
frames are captured. At block 310 a decision is made as to
whether it is time to capture a frame. The predetermined time
between frame captures can be set at any desired interval,
such as every half second. If the allotted time has passed, the
video data for the frame is captured at block 320. This video
data is then analyzed according to the rules set up for the
particular camera at block 330. At block 340 the metadata
created from the analysis is combined with the video data, and
at block 350 the database search frame from process 300 is
provided to, for example, a network, directly to a DVR or a
workstation, or recorded onto suitable media such as by a
DVD writer for future analysis.

Referring to FIG. 9, process 400 for receiving and process-
ing a search frame for later searching includes the blocks
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shown. Process 400 is, however, an example only and not
limiting. Process 400 can be altered, e.g., by having stages
added, removed, rearranged, combined, and/or performed
concurrently. At block 410 the search frame is received, for
example, from network 18 by DVR 20. At block 420 the
metadata from the search frame is stored in a metadata search
file for later searching by, for example, workstation 24. The
video data associated with this search frame can then be
stored at block 430. In some embodiments, the vide data can
be stored separately from the metadata search file or in com-
bination with video data.

Referring to FIG. 10 process 500 for performing a search
requested by a user includes the blocks shown. Process 500 is,
however, an example only and not limiting. Process 500 can
be altered, e.g., by having stages added, removed, rearranged,
combined, and/or performed concurrently. At block 510 pro-
cess 500 waits for a query from a user. When a query is
received, the appropriate files are obtained for search at block
520. The appropriate files obtained by workstation 24 can be
stored, for example, at DVR 20. At block 540, a fuzzy search
is performed according to the equations discussed above for
multidimensional searching according to the criteria pro-
vided by a user. The results of the search are provided to the
user on, for example, display 36 at block 550. Process 500
then waits at block 560 for the user to select one or more of the
listed entries in the search result. When the user selects a
result entry, process 500 then retrieves the video data associ-
ated with that entry at block 570 and then displays it at block
580 on display 36 for the user to view.

Besides the query functions, the forensic search method is
able to generate statistic reports for a designated time period
to show what kinds of events have happened during the period
and the number of the events. For each event, a specific
breakdown can be given if required. For example, a report of
people-counting can be given in five-minute intervals for the
past day. A video summary can also be generated from the
metadata and corresponding video content to extract objects
from the video and paste them together to generate a video
summary in a single image.

Referring to FIG. 11, process 600 for generating reports
based on requested searches can include the blocks shown.
Process 600 is, however, an example only and not limiting.
Process 600 can be altered, e.g., by having stages added,
removed, rearranged, combined, and/or performed concur-
rently. At block 610, the search report criteria is set by a user.
Process 600 then determines at decision point 620 whether it
is time to generate the report according to the timeframe
specified by the user. Then when the appropriate period of
time has passed, such as 24 hours for a report generated once
per day, process 600 retrieves the metadata for the search at
block 630, performs the fuzzy search at 640 and provides the
report results at block 650.

Other examples and implementations are within the scope
and spirit of the disclosure and appended claims. For
example, due to the nature of software, functions, flowcharts,
and processes described above can be implemented using
software executed by a processor, hardware, firmware, hard-
wiring, or combinations of any of these. Features implement-
ing functions may also be physically located at various posi-
tions, including being distributed such that portions of
functions are implemented at different physical locations.
Also, as used herein, including in the claims, “or” as used in
a list of items prefaced by “at least one of” indicates a dis-
junctive list such that, for example, a list of “at least one of A,
B, or C” means A or B or C or AB or AC or BC or ABC (i.e.,
A and B and C).
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The processes and methods described and shown herein
can be stored on a computer-readable medium, which refers
to any storage device used for storing data accessible by a
computer. Examples of a computer readable medium include
a magnetic hard disk, a floppy disk, an optical disk, such as a
CD-ROM or a DVD, a magnetic tape, a memory chip, and a
carrier wave used to carry computer readable electronic data,
such as those used in transmitting and receiving e-mail or in
accessing a network.

Although the various embodiments discussed herein have
pertained to a video surveillance system, the same processes
and methods can be utilized with video data captured by
commercial and noncommercial individuals outside of the
surveillance environment. For example, the search files can
be created by a consumer camera. These files could then be
downloaded directly to a personal computer or onto a solid
state memory device, magnetic tape, disk or other storage
device which would then be downloaded to the personal
computer at a time selected by the consumer. The searching
process described herein could reside on the personal com-
puter for analyzing the video in the same manner as described
in relation to a video surveillance system thereby enabling a
user to find the video of interest without viewing hours of
video data.

Furthermore, more than one invention may be disclosed.

What is claimed is:

1. A method for creating metadata associated with a video
frame, the method comprising:

receiving a video frame;

developing a background model for the video frame;

separating a foreground object from the video frame using

the background model and a ground plane model;
detecting and removing reflections from the video frame
responsive to a ratio, of a number of pixels associated
with the foreground to a number of pixels associated
with the video frame, exceeding a threshold, wherein
detecting the reflections comprises
generating a difference image by subtracting an inten-
sity of the video frame from a background image,
generating a histogram of the difference image, and
determining that a reflection is present responsive to a
maximum of the histogram being shifted from zero by
more than a threshold amount;

classifying the foreground object into a classification; and

recording the classification of the foreground object in

metadata.

2. The method according to claim 1, wherein background
model comprises a short-term background model.

3. The method according to claim 2, wherein background
model further comprises a long-term background model used
in conjunction with the short-term background model.

4. The method according to claim 1, wherein background
model comprises a long-term background model.

5. The method according to claim 1 further comprising
detecting and removing shadows from an image frame.

6. The method according to claim 1 further comprising:

detecting an event associated with the foreground object;

and

recording the event in metadata.

7. The method according to claim 6, wherein the fore-
ground object is classified by one or more of object size or
object type.

8. The method according to claim 6, wherein the detected
event is an event selected from the group consisting of the
foreground object entering a frame, the foreground object
leaving the frame, camera sabotage, the foreground object
holding still, the foreground object merging with another
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object, the foreground object splitting into two objects, the
foreground object entering a zone, the foreground object leav-
ing a zone, the foreground object crossing a tripwire, the
foreground object being removed, the foreground object
being abandoned, object counting, object loitering, and
object timer.

9. The method according to claim 1, wherein the method
occurs at a video camera.

10. The method according to claim 1, wherein the fore-
ground object is further classified by object type.

11. The method according to claim 1, wherein the fore-
ground object is further classified by object velocity.

12. The method according to claim 1, wherein the back-
ground model is constructed using a probability Gaussian
model.

13. The method according to claim 1, wherein separating
the foreground object from the video frame comprises sub-
tracting the background model from the video frame to return
a foreground object.

14. The method according to claim 1, wherein the classi-
fication data associated with the foreground object are
recorded as metadata separate from the video data.

15. A method for creating metadata about a video frame,
the method comprising:

receiving a video frame;

developing a background model for the video frame;

separating a foreground object from the video frame using

the background model and a ground plane model;
detecting and removing reflections from the video frame
responsive to ratio, of a number of pixels associated with
the foreground to a number of pixel associated with the
video frame, exceeding a threshold, wherein detecting
the reflections comprises
generating a difference image by subtracting an inten-
sity of the video frame from a background image,
generating a histogram of the difference image, and
determining that a reflection is present responsive to a
maximum of the histogram being shifted from zero by
more than a threshold amount;

identifying the foreground object as a previously identified

foreground object;

classifying the foreground object into a classification based

on characteristics of the foreground object; and
recording the classification of the object in metadata.

16. The method according to claim 15, wherein the video
frame comprises a plurality of video frames.

17. The method according to claim 15, wherein the iden-
tifying the foreground object includes tracking the fore-
ground object from previous video frames.

18. The method according to claim 15 further comprising
determining an event of the foreground object.

19. The method according to claim 18, wherein the event is
determined based at least in part on the classification of the
foreground object.

20. The method according to claim 18, wherein the event is
determined based at least in part on a change in the classifi-
cation of the foreground object from a classification of the
foreground object in a previous frame.

21. The method according to claim 18 further comprising
detecting and removing shadows from an image frame.

22. A video camera system comprising:

a video camera for capturing video data of a scene and

outputting the video data as digital data;

a processor communicatively coupled to the camera,

wherein the processor is configured to
receive video data from the video camera,
develop a background model for the video data,
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separate a foreground object from the video data using
the background model and a ground plane model,
detect and remove reflections from the video frame
responsive to ratio, of a number of pixels associated
with the foreground to a number of pixel associated
with the video frame, exceeding a threshold, wherein
to detect the reflections the processor is configured to
generate a difference image by subtracting an inten-
sity of the video frame from a background image,
generate a histogram of the difference image, and
determine that a reflection is present responsive to a
maximum of the histogram being shifted from zero
by more than a threshold amount,
identify the foreground object’s location within the
video scene of the video data,
determine the foreground object’s color,
classify the foreground object,
record the foreground object’s location and color in
metadata; and

an output port communicatively coupled to the processor

and configured to output the metadata.

23. The video camera system according to claim 22,
wherein background model comprises a short-term back-
ground model.

24. The video camera system according to claim 23,
wherein background model further comprises a long-term
background model used in conjunction with the short-term
background model.

25. The video camera system according to claim 22,
wherein background model comprises a long-term back-
ground model.

26. The video camera system according to claim 22,
wherein the output port is configured to output the video data
separate from the metadata.

27. The video camera system according to claim 22,
wherein the processor is further configured to compress the
video data according to a video compression algorithm.

28. The video camera system according to claim 22,
wherein the processor is further configured to determine the
speed of the foreground object and record the speed of the
foreground object in metadata.

29. The video camera system according to claim 22,
wherein the processor is further configured to determine an
aspect ratio of the foreground object and record the aspect
ratio of the foreground object in metadata, and wherein the
processor is further configured to classify the foreground
object based further on the aspect ratio of the foreground
object.

30. A video processing system comprising:

a video input port configured to receive video data;

a processor communicatively coupled to the video input

port and configured to:
develop a background model for the video data,
separate a foreground object from the video data using
the background model and a ground plane model,
detect and remove reflections from the video frame
responsive to ratio, of a number of pixels associated
with the foreground to a number of pixel associated
with the video frame, exceeding a threshold, wherein
to detect the reflections the processor is configured to
generate a difference image by subtracting an inten-
sity of the video frame from a background image,
generate a histogram of the difference image, and
determine that a reflection is present responsive to a
maximum of the histogram being shifted from zero
by more than a threshold amount,
determine a relative location of the foreground object,
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determine a relative color of the foreground object, and
classify the foreground object; and

a video output port communicatively coupled to the pro-

cessor and configured to output the relative location and
the relative color of the foreground object as metadata. 5
31. The video processing system according to claim 30,
wherein the output port is configured to output the video data
separate from the metadata.
32. The method of claim 1, wherein separating the fore-
ground object from the video frame using the background 10
model and the ground plane model comprises:
determining a normalized size of a grouped set of pixels in
the video frame using the ground plane model; and

classifying the grouped set of pixels as the foreground
object if the normalized size of the grouped set of pixels 15
falls within a predetermined range.

33. The method of claim 1, wherein the classification char-
acterizes the foreground object based on an object color, an
aspect ratio, and a position.

34. The method of claim 32, wherein the normalized size of 20
the grouped of pixels is determined based on a position of the
grouped set of pixels relative to a vanishing point associated
with the ground plane model.
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